DataQuest

Mix It Up:
Combining Liquids of Different Temperature

Suppose that a hot drink and a cold drink are mixed together and you would like to predict the
temperature of the mixture. To do this, you need to know the temperatures of the drinks before
they are mixed, 7, and 75, and the volumes of each used in the mixture, V; and V,. A visual
representation of the problem is shown below, where 7,, represents the temperature of the
mixture:

Translated into mathematical symbols, we have
LV + TV, =T, (7 +7,)
In this activity you will use the concepts described above to predict the resulting temperature

when two solutions of different temperatures are mixed. The data needed to perform these
calculations will be collected using a pair of Temperature Probes.

OBJECTIVES

e Record temperatures of water samples before and after mixing.
o Compare the mixing temperatures to a linear prediction.

MATERIALS
TI-Nspire handheld or graduated measuring cup (in mL)
computer and TI-Nspire software Styrofoam® cups or coffee mugs
data-collection interface hot and cold water

2 Temperature Probes
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PROCEDURE

1. Connect the Temperature Probes to the data-collection interface. Connect the interface to the
TI-Nspire handheld or computer.

\

2. Choose New Experiment from the B Experiment menu. You will monitor temperature
readings from the Meter View tab (@).

3. To test the expression T}V, + T,V, =T, (V, +V, ), you will record the temperature of water in
two cups and then find the temperature when the contents of the cups are mixed together.
Label one cup or mug as “Cup 17 and the other as “Cup 2.”

4. Fill Cup 1 with 100 mL of cold water (about 10°C) and Cup 2 with 150 mL of hot water
(about 50°C). Don’t put any ice in the cold water cup.

5. Put the Channel 1 probe in Cup 1, and the Channel 2 probe in Cup 2. Observe the
temperature readings. When the readings are stable (0.1 level fluctuations are OK), record
these values in your data table.

6. Work quickly through the next steps.

a. Remove the Temperature Probe from Cup 1 and set it aside.
b. Quickly pour the contents of Cup 1 into Cup 2, keeping the probe in Cup 2.

c. Watch the temperature reading for Temperature 2. When it stops changing, record the
value in your data table.

d. Remove the probe from the water, and discard the water.
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DATA TABLE
Volumes used Temperatures measured
(mL) (‘C)
Cup 1 (V4) Cup 1(T1)
Cup 2 (Vo) Cup 2(T2)
Mixture (Tp,)

ANALYSIS QUESTIONS

1.

Consider the equation T}V, +T,V, =T, (V, +V,) related volumes and temperatures for mixed
solutions. Solve this equation for the mixture temperature 7,,.

Use this result, along with the values for the initial temperatures and volumes for the water
samples, to predict the temperature of the mixture.

How does this value compare to the measured value of 7,, listed in the data table? What
might have caused the difference between the calculated and measured mixture temperature
values?

What is the average of the cold and warm water temperatures, 7,, and 75, used in this
activity? What is this value?

Suppose that you wish to repeat this activity under identical conditions, this time adding
exactly the right amount of warm water to Cup 1 so that the mixture temperature, 7,,, equals
the average temperature value recorded above. Should more or less warm water be added to
Cup 1 for this trial compared to the amount you used in the original trial? Why?

Exactly what volume of warm water, V>, should be added to Cup 1 so that the mixture
temperature equals the average of 71 and 7,? Hint: To do this, you will need to solve the
mixture equation for V7.

How does the value of ', found in Question 6 compare to the Cup 1 water volume, V1?

Why does using equal volumes of water ensure that the mixture temperature will be the
average of the cold and warm water temperatures? Justify your answer algebraically.
Hint: Let V7 = 1.

APPLICATIONS

1.

The directions on a box of instant cocoa tell you to prepare the drink by adding 150 mL of
hot water to the package contents. What amounts of cold water (8°C) and boiling water
(100°C) should be combined to add 150 mL of 68°C water to the cocoa mix?

Suppose the thermostat of your school’s swimming pool malfunctions, causing the water
temperature to climb to 34°C. The recommended temperature for competition is 25°C. If the
pool holds 750,000 liters of water, how many liters must be drained from the pool and
replaced with tap water (6°C) to make it ready for competition?
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3. Some types of mixture problems involve combining solutions made up of different
percentages of a substance in order to get a mixture with the desired percentage of that
substance. The method is the same as that used in the activity you just completed. Solve the
following mixture problem.

Solution A is 5% acid. Solution B is 17% acid. A chemist wants to mix the two to get
500 mL of a solution that is 12% acid. How much of each should be used?

EXTENSION

Repeat the activity, this time starting with equal amounts of water in Cup 1 and Cup 2.
Summarize the volumes used and temperatures measured in a data table. Based on your
explanation in Question 7 above, how might you predict the mixture temperature, given that
Cup 1 and Cup 2 contained equal volumes and knowing the temperatures 77 and 72? Is your
prediction consistent with the measured mixture value?
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Vernier Lab Safety Instructions Disclaimer

THIS IS AN EVALUATION COPY OF THE VERNIER STUDENT LAB.

This copy does not include:
e Safety information
e Essential instructor background information
e Directions for preparing solutions
e Important tips for successfully doing these labs

The complete Real-World Math with Vernier lab manual includes 32 activities and essential
teacher information. The full lab book is available for purchase at:
http://www.vernier.com/products/books/rwv/
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